The geographical distribution of the family Limacinidae in the Northeastern coast of Brazil was analyzed by taking into account the most relevant ecological aspects, aiming to increase the knowledge about the Family. The material was collected during the 4 th Oceanographic Expedition of the REVIZEE program (Assessment of the Sustainable Potential of Living Resources in the Exclusive Economic ZoneAvaliação do Potencial Sustentável de Recursos Vivos da Zona Econômica Exclusiva), in the months from September to December 2000. The studied area is located between 00646'45''N and 13653'45''S and between 29615'40''W and 39649'42''W, where six trips were performed, totaling 123 stations. The samples were collected using a bongo net (300-and 500-mm mesh size and net mouths of 60 cm in diameter) coupled with a digital flowmeter in oblique hauls from a depth of 0 to 200 m. For this study, the organisms retained in the 300-mm mesh were considered. On board the ship, the samples were placed in plastic containers, labeled, and fixed in 4% formaldehyde buffered with sodium tetraborate. In the laboratory, the samples were analyzed on a ''Bogorov'' tray under a binocular stereomicroscope. A total of 5655 individuals of the family Limacinidae were examined and were distributed as follows: 3 genera and 5 species. Representatives of the family Limacinidae were observed at high temperatures and salinities and were thus characterized as tropical and euhaline. Heliconoides inflatus was the species with the greatest abundance and frequency. Limacina lesueurii proved to be a rare, infrequently observed species. Limacina trochiformis and L. bulimoides were not abundant or frequent. Limacina lesueurii and L. bulimoides were recorded in neritic waters for the first time; this was also the first record of L. lesueurii in the waters of Northeastern Brazil. Limacina trochiformis and L. bulimoides exhibited wide distributions, although they were neither very frequently observed nor abundant. The distribution of Thielea helicoides was restricted to oceanic waters. A correlation between Limacina bulimoides, Heliconoides inflatus, Thielea helicoides, and L. lesueurii was observed because they coexisted in the same niche. Keywords: holoplanktonic mollusks, REVIZEE, Northeastern Brazil. 
Introduction
The family Limacinidae Gray, 1840 comprises holoplanktonic marine molusks found in all oceans, from the neritic to the oceanic zone (Bé & Gilmer 1977 , Spoel & Dadon 1999 . The family includes the Gastropoda belonging to clade Thecosomata Blainville, 1824 (Bouchet & Rocroi 2005) . These molusks are characterized by conical and sinistral shells and exhibit a high or low spiral (Janssen 2003) . Spoel & Heyman (1983) list the following factors as being responsible for the geographical distribution and speciation of plankton: the geologic history of the oceans, continental barriers, current patterns, and the limit for individual survival of species and/or populations depending on the environmental conditions of abiotic and biotic factors. Changes in certain factors enable or preclude the presence of certain species, depending on the species tolerances to them. Thus, the distribution of species in nature can be wide or narrow (Hedling et al. 1994) .
The patterns of the geographical distribution of holoplanktonic molusks have been studied by several researchers. Boas (1886 apud Spoel 1996 wrote the first monograph on the taxonomy, distribution, and variability of holoplanktonic molusks. This knowledge has been expanded in the nineteenth century as a result of large oceanographic expeditions that contributed to the knowledge of several planktonic species, including Limacinidae. The Challenger Expedition (1872-1874) was especially important for this zoological group, as it was during this expedition that Pelseneer (1888) described and recorded 42 species of Thecosomata among the various marine provinces. Meisenheimer (1905) published the first maps of the geographical distribution of Pteropoda (Thecosomata and Gymnosomata, members of the Valdivia Expedition collection), which is considered a pioneer study. Tesch (1913) produced a more recent monograph with new taxa. Bé & Gilmer (1977) described the geographical distribution of Euthecosomata. In the twentieth century, the works by Spoel (1967) and Lalli & Gilmer (1989) stand out due to their contributions to the taxonomy, ecology, and geographical distribution of the group.
For the South Atlantic, some reference studies are of significance for this zoological group. Scarabino (1967) described the occurrence of Heteropoda and Pteropoda at the Uruguayan continental shelf. Magaldi (1974 Magaldi ( , 1977 Magaldi ( and 1981 conducted a systematic description of Pteropoda for the South Atlantic, adjacent to the coast of Argentina and Uruguay. Spoel & Boltovskoy (1981) devoted a chapter of a book on taxonomy, ecology, and the geographical distribution of Pteropoda in the South Atlantic. Dadon & Magaldi (1995) reported on the distribution of Thecosomata at the BrazilMalvinas Confluence zone. Spoel & Dadon (1999) devoted a chapter to the systematics update, ecology, and geographical distribution of Pteropoda.
For the waters of Northeastern Brazil, the first occurrence of Pteropoda was described by Pelseneer (1888) using material from the Challenger Expedition. He described the species Limacina inflata (d'Orbigny, 1834), Limacina lesueurii (d'Orbigny, 1835), L. trochiformis (d'Orbigny, 1834) , and L. bulimoides (d'Orbigny, 1834) , based on shells deposited on the substrate between the states of Pernambuco and Bahia, which constituted the first records of the geographical distribution of the family Limacinidae. Barth & Oleiro (1968) contributed to the knowledge of the systematics, taxonomy, ecology and geographical distribuition of the planktonic molusks Limacina inflata, L. helicoides, and Limacina lesueurii in the region of Cabo Frio, Rio de Janeiro. Rios (1994) presented only a list of species with its illustrations for Brazil. Resgalla Jú nior (1993) established the pattern of spatial and temporal distribution of Pteropoda, Cladocera, and Chaetognatha at the South Brazil shelf, stating that, for Pteropoda, the family Limacinidae is distinguished by the dominance of Limacina retroversa (Fleming, 1823) and L. inflata. Oliveira (2002) described the ecology and distribution of the group in relation to the waters of Northeastern Brazil, highlighting Limacina inflata as the dominant species; Oliveira & Larrazá bal (2002) and Larrazá bal & Oliveira (2003) described the ecology of Thecosomata and Gymnosomata at the waters of the Sã o Pedro e Sã o Paulo Arquipelago and the Fernando de Noronha chain.
Despite the widespread knowledge about the malacofauna of Brazil, with respect to Thecosomata, studies remain scarce. A study of the geographical distribution of Limacinidae proves to be significant due to the need to update the structural knowledge of the population relative to other planktonic organisms as well as the richness of malacofauna. This study thus aims to analyze the geographical distribution of the family Limacinidae in the waters of Northeastern Brazil.
Materials and Methods
The Exclusive Economic Zone (EEZ) in Northeast Brazil is located in the western region of the Atlantic from Salvador-BA to the mouth of the Parnaíba River, between 12 and 200 nautical miles from the coastline, from the surface to a depth varying from 500 m to, in specific cases, to 6, 000 m, which is equivalent to an area of approximately 1,100,000 km The EEZ includes the states of Bahia, Sergipe, Alagoas, Pernambuco, Paraíba, and Ceará . Because it is an area of large oceanic extent and physiographic diversity, it was subdivided into sectors and sub-areas with higher degrees of homogeneity as follows: Subarea I -Continental Slope and Shelf of the EEZ, Sector 1 -from the mouth of the Parnaíba River-PI to Cabo Calcanhar-RN and Sector 2 -from Cabo Calcanhar-RN to Barra da Estâ ncia-BA; and Subarea II -Oceanic Zone of EEZ, Sector 1 -from 356W to the mouth of the Parnaíba River-PI, Sector 2 -east of 356W and north of 56S, and Sector 3 -from 56S to Salvador-BA (Coordenaçã o Geral do Programa REVIZEE [s.d.] ).
With respect to hydrological and climatic aspects, the South Atlantic is characterized by its surface current dynamics associated with wind movement, which determines, in the southern hemisphere, anticyclonic rotation, known as the South Atlantic Gyre. The currents can reach varied depths in the regions close to the equator and the southern limit of the gyre (Pickard & Emery 1982 , Assad et al. 2009 ).
The EEZ of the coast of Northeastern Brazil is part of the Equatorial System of Marine Currents. The trade winds from the southeast, which act on the equatorial region between the parallels 106 to 156S, force the bifurcation of the South Equatorial Current (SEC), which flows westward toward the Northeastern Brazilian coast. The current that deviates to the north and crosses the equator toward the North Atlantic is the North Brazil Current (NBC), while the one that returns to the South becames the Brazil Current (BC), following southward the Brazilian coast. The latter is the main surface current in Brazil, which moves over the shelf or near the border region (Soares-Gomes & Figueiredo 2009; Assad et al. 2009 ).
In this region, water masses ranging from the surface to the bottom predominate: the Tropical Surface Water (TSW), the South Atlantic Central Water (SACW), and the Antarctic Intermediate Water (AIW), without significant influences from the continental contribution of low salinity waters (Medeiros et al. 2009 ).
According to Medeiros et al. (2009) , the coast of Northeastern Brazil has a Tropical Atlantic climate with two clear seasons: dry and wet. The dry season occurs between the months from June to November, when the rainfall is reduced; the wet season occurs between the months from December to May, when rainfall totals are high.
The material was collected between the months of September to December 2000 by the oceanographic research ship Antares from the Office of Hydrography and Navigation of the Brazilian Navy (Diretoria de Hidrografia e Navegação-DHN/ Marinha do Brasil) as part of the project "Assessment of the Sustainable Potential of Living Resources in the Exclusive Economic Zone" (REVIZEE/SCORE-NS IV). This portion of the EEZ is located between the coordinates 00646'45''N and 13653'45''S -29615'40''W and 39649'42''W. Six trips were conducted in the following areas: the Southern Oceanic, Eastern Oceanic, Sã o Pedro and Sã o Paulo Archipelago, North Chain/Rocas/Noronha, North Coast, and South Coast, totaling 123 stations. The water column was sampled using bongo nets with net mouths of 60 cm in diameter and a mesh size of 300 and 500 mm coupled with a digital flowmeter. For this study, the organisms retained on the 300-mm mesh collected in oblique hauls at depths of 0 to 200 m lasting 15 min until the net's arrival at the surface were considered. The ship's speed was constant (approximately 2 knots). On board, the samples were stored in plastic containers, labeled, and fixed in 4% formaldehyde buffered with sodium tetraborate for subsequent laboratory analysis.
Simultaneous with the collection of plankton, water samples were taken for the determination of abiotic data, such as salinity and temperature. These profiles were obtained using the CTD profiler (Conductivity Temperature Depth), used for the continuous measurement of conductivity, temperature, and depth, with readings in real time and using the computer software SEASOFT version 4.217 to monitor the termohaline profile. The hydrological samples were collected through a ''Rosette'' containing Niskin bottles.
The classification of the waters based on the temperature values is as follows: tropical (above 206C); temperate-hot (13 to 206C), temperate-cold (2 to 136C), and cold (-2 to 26C), as extracted from Melo-Filho & Melo (2001) . The classification based on the values of water salinity according to the Venice Symposium of 1959 are as follows: hyperhaline (. 40); euhaline (30 to 40); mixohaline (0.5 to 30), which is divided into (mixo-) polyhaline (18 to 30), (mixo-) mesohaline (5 to 18), and (mixo-) oligohaline (0.5 to 5); and fresh ,0.5, extracted from Semensatto Junior (2006) .
In the laboratory, zooplankton samples were washed and placed on a ''Bogorov'' tray for observation under a binocular stereomicroscope. From each sample, all of the Thecosomata and Gymnosomata of the accompanying fauna were removed with the aid of a plastic Pasteur pipette and brush no. 00. Subsequently, the specimens were placed in glass vials and fixed in 70% alcohol and 10% glycerin. For the present study, the specimens of the family Limacinidae present in 111 stations (Table 1) The identification followed the specialized bibliography, such as Pruvot-Fol (1942 , 1954 , Tesch (1904 Tesch ( , 1946 , Spoel (1964 Spoel ( , 1967 Spoel ( , 1972 , Abbott (1974) , Spoel & Boltovskoy (1981) , and Spoel & Dadon (1999) , among others. Recent publications by Janssen (2003 Janssen ( , 2007 Janssen ( , 2012 have raised controversy regarding the systematics of the family Limacinidae. Based on fossil records and reviewing the Family, Janssen established genus and type species in which Heliconoides inflatus (d'Orbigny, 1834) replaced Limacina inflata. Thielea helicoides (Jeffreys, 1877) also replaced Limacina helicoides. The proposed names were accepted in databases such as the CLEMAM (2011) and Global Species (2013) . In the website Malacolog (Rosenberg 2009 ) considered the name Limacina inflata as valid in its database and, Heliconoides inflata a synonym. The website WoRMS considers Heliconoides inflatus as valid, although the author of the species, d'Orbigny (1834), considers named it Atlanta inflata because it was considered a Heteropoda at the time and later became Limacina inflata. This work follows the nomenclature established in the aforementioned review, extending this conversion to the reviewed works.
The Relative Abundance (RA) was calculated according to the recommendations of Lobo & Leighton (1986) using the following formula: RA = N x100/Na, where N is the total number of organisms from each taxon in the sample, and Na is the total number of organisms in the sample. The following criteria were adopted: RA > 70%, dominant; 40% # RA , 70, abundant; 10% , RA # 40%, not abundant; and RA # 10%, rare.
The Frequency of Occurrence (F) of the species was calculated after taking into account the number of samples in which the species was found with respect to the total number of samples, modified by Matteucci & Colma (1982) using the following expression: F = a X 100/A, where F = Frequency of Occurrence (%), a = the number of samples containing species, and A = the total number of samples. Considering F, the following categories were distinguished: F > 70%, very frequent; 40% # F , 70%, frequent; 10% , F , 40%, not very frequent; and F # 10%, sporadic. The relative density of the species was the result of dividing the number of individuals per species for each sample by the filtered volume of water in cubic meters. Subsequently, the calculated values were standardized by 10 -3 as follows: D = (n / V f ) x 1000, where D = density (10 -3 ind/m 3 ), n = number of individuals per species, and V f = filtrate volume of water per cubic meter during hauling time.
The species were correlated by the density data and abiotic variables (temperature and salinity) through the non-parametric method of the Spearman coefficient (r s ).
In the taxonomic study, species were organized by synonymy, diagnosis, and geographical distribution of the material, including information on the oceanographic area, station, and coordinates.
The geographical distribution of the family Limacinidae was compiled for the Atlantic Ocean (north and south) at different times from the past to the present according to Pelseneer (1888) , Meisenheimer (1905) , Tesch (1946) , Chen & Bé (1964) , Furnestin (1964) , Spoel (1967) , Barth & Oleiro (1968) , Lalli & Wells-Jr. (1973) , Magaldi (1974 Magaldi ( , 1977 Magaldi ( and 1981 , Bé & Gilmer (1977) , Haagensen (1976) , Furnestin (1979) , Wormuth (1981) , Spoel & Boltovskoy (1981) 
Results
The surface temperature of the water ranged from 23.906C (station 88) to 27.546C (station 166). The highest temperatures corresponded to the following areas: North Chain/Rocas/ Fernando de Noronha, North Coast, South Coast, and Southern Oceanic, ranging from 27.33 to 27.546C. The lowest temperatures were as follows: North Chain/Rocas/Fernando de Noronha, 23.906C (station 88), and Southern Oceanic, 25.076C (station 2). The surface salinity of the water ranged from 35.16 (station 22) to 37.12 (stations 174, 175 and 180). The highest value recorded for salinity was in the South Coast, with 37.53, and the lowest salinity recorded was in the Southern Oceanic, with 36.16 (Figure 2 ).
The Table 2 details the family Limacinidae occurrence according to surface temperature and salinity rates and its coefficient.
A total of 5663 individuals of Limacinidae, distributed in three genera and five species, were examined. Heliconoides inflatus was very abundant, whereas Limacina bulimoides, L. trochiformis, L. lesueurii and Thielea helicoides (Jeffreys, 1877) were rare, with RAs below 10% (Table 3) .
Heliconoides inflatus was very frequent, with an F of 80.83%; Limacina bulimoides and L. trochiformis were frequent, with F of 51.66 and 50%, respectively. L. lesueurii was not very (Figure 3 ). The analysis of the Spearman coefficient indicates a positive and low correlation. Limacina bulimoides correlated positively with T. helicoides, H. inflatus, L. lesueurii, and surface salinity. Thielea helicoides correlated positively with H. inflatus. The species H. inflatus correlated positively with L. lesueurii and surface salinity. Limacina lesueurii correlated positively with L. trochiformis and was positively correlated with the abiotic parameters surface salinity and surface temperature. Limacina trochiformis was positively correlated with salinity (Table 4) . 1886: 48, 196, pl. 3, fig. 38; PELSENEER, 1888: 17; CARUS, 1890: 439; LOCARD, 1897: 22; TESCH, 1904:11; MEISENHEIMER, 1905:4; TESCH, 1907: 182; TESCH, 1913:18, fig. 8 ; VAYSSIÈ RE, 1913: 183, pl. 20, fig. 10 ; VAYSSIÈ RE, 1915: 133, pl. 8, fig. 153-155; STUBBINGS, 1938: 16; TESCH, 1946:8, pl. 1, fig. 1a--c; WORMELLE, 1962: 100. Limacina scaphoidea GOULD, 1852: 485 (1856), pl. 51, fig. 602 a- GRAY, 1850: 33; PELSENEER, 1888: 29; CARUS, 1890: 439; TESCH, 1904:13; MEISENHEIMER, 1905:10; TESCH, 1913:21, fig. 13 ; VAYSSIÈ RE, 1913: 183, pl. 21, fig. 2-3; STUBBINGS, 1938: 17; TESCH, 1946:8, pl . 1, fig. 3 
Taxonomic study and geographical distribution

Synonymy
Limacina helicoides, JEFFREYS, 1877:338; PELSENEER, 1888:23, pl. 1, fig. 5 ; MEISENHEIMER, 1905:8; TESCH, 1913:18, fig. 7 ; VAYSSIÈ RE, 1915:136, pl. 8, fig. 166; MASSY, 1932:284; TESCH, 1946:9, fig. 6-7, pl. 6, fig. 32a-k; ROSENBERG, 2009; CLEMAM, 2011 . Thilea procera STREBEL, 1908 fig. 14 a-c Diagnosis. Depressed shell of 3 to 4 whorls with a dark brown color and oval opening. Exhibits transverse growth lines found on the last whorl. Distribution. North Atlantic: Sargasso Sea and Azores Island; South Atlantic: Tristan da Cunha, the mouth of the Congo and Gabon Rivers (700 m), between south and Cape Town and South Georgia Islands (2000-3000 m) and Brazil (Cabo Frio in Rio de Janeiro). Examined material. BRAZIL: EEZ/NE -Project REVIZEE SCORE NE-IV, ORS ''Antares''. South Oceanic Area: E018 and E032, all in the stratum from 0 to 200 m. East Oceanic Area: E050 and E052, all in the stratum from 0 to 200 m. Four specimens sampled at four oceanographic stations (Figure 8 ).
Discussion
The geographical distribution of the family Limacinidae corresponded to the entire coastal and oceanic area of Northeastern Brazil. The richness and diversity of this family in this oceanographic region are considered high compared with other studies. Of the five species found in this study, Heliconoides inflatus exhibited the highest frequency in the samples. These data corroborate those reported by Oliveira (2002) for this same area in samples collected in 1996. Barth & Oleiro (1968) described the taxonomy, ecology, and geographical distribution of Pteropoda in the region of Cabo Frio-RJ and registered H. inflatus as an abundant species. Magaldi (1977) reported this species as the Pteropoda with the highest frequency in Brazilian and Uruguayan waters off the South American Atlantic coast.
Heliconoides inflatus exhibited an extensive distribution in the waters of Northeastern Brazil, being characterized as abundant and frequent. The data corroborate those cited by Bé & Gilmer (1977) as being a cosmopolitan species of warm waters, distributed in tropical and subtropical areas. The reproductive strategy of Heliconoides inflatus, conferring protection to offspring inside the palial cavity until the larval stage, may play a key role in its adaptive success. The study of the distribution and zoogeographical pattern of molusks on the continental shelf of Rio de Janeiro by Absalã o (1989) recorded this species among the 175 identified taxa. In the same study, the author found that 70% of the local malacofauna exhibited thermophilic distribution patterns, thus characterizing it as a region heavily influenced by the warm waters of the Brazil Current. In a study conducted on the south coast of Brazil, from Farol da Conceiçã o to Chuí, Resgalla Jú nior (1993) identified H. inflatus as the second most abundant species, with an irregular distribution in waters with temperatures between 11.2 and 18.46C and salinity between 33.75 and 35.75. Comparing such data with those obtained in the present study, in which H. inflatus was predominant in waters with temperatures ranging from 25.07 to 27.546C and salinity from 35.37 to 37.12, it is evident that this species is well adapted to temperate-cold to tropical waters, which helps to explain its wide distribution in oceans. Oliveira & Larrazá bal (2002) and Larrazá bal & Oliveira (2003) , in studies conducted in 1996 with material of REVIZEE NE-I, considered H. inflatus to be a very abundant and frequent species in waters surrounding the São Pedro and Sã o Paulo Archipelago, being dominant and very frequent in the region of Fernando de Noronha. The results by the authors regarding the abundance and frequency of H. inflatus were similar to the results for REVIZEE NE-IV. Larrazá bal et al. (2009) , in a study on the macrozooplankton of the Exclusive Economic Zone of Northeastern Brazil (campaigns of REVIZEE NE-II in 1997, and REVIZEE NE-III in 1998) , considered the species to be dominant and frequent, unlike the results obtained in the waters of Northeastern Brazil for REVIZEE NE-IV in 2000.
The data indicated that Limacina trochiformis is a rare but frequent species. The specimens present in the waters of Northeastern Brazil stood out due to the amplitude of the surface temperature values (23.9 and 27.546C) and the surface salinity (35.16 and 37.12). Pelseneer (1888) described the geographical distribution of L. trochiformis in waters of Northeastern Brazil between Pernambuco and Bahia based on the shell deposits of this species. Spoel (1967) described the presence of L. trochiformis in the Equatorial South Area and South Transition Area. Spoel (1967) considered L. trochiformis to exhibit a discontinuous distribution, bisubtropical, occurring in the temperature range between 13.8 and 27.96C and in the salinity range from 35.5 to 36.8. With respect to temperature and salinity, the results approached the ones obtained in the waters of Northeastern Brazil. Resgalla Jú nior (1993) recorded L. trochiformis in the waters of Southern Brazil, considering the species to be epiplanktonic, with higher concentrations of individuals in the surface layers at night, common in tropical waters with temperatures ranging from 19.3 to 23.76C and salinity between 35.7 and 36.4. Oliveira & Larrazá bal (2002) , studying the frequency of occurrence of Pteropoda from the Sã o Pedro and Sã o Paulo Archipelago and the surrounding areas, considered the species to be sporadic and rare. For the oceanic region of the Fernando de Noronha Island, Larrazá bal & Oliveira (2003) described L. trochiformis as being a not very frequent and not very abundant species, corroborating the results for waters of Northeastern Brazil, which are the object of this study. Larrazá bal et al. (2009) recorded this species in the study on the macrozooplankton of the Exclusive Zone of Northeastern Brazil in the campaigns REVIZEE NE-II and NE-III as abundant and frequent.
Limacina bulimoides was considered rare and frequent and was characterized as a tropical species; our study represents the first record of its existence in the neritic province in Northeastern Brazil. Pelseneer (1888) reported its distribution in South America between the states of Pernambuco and Bahia, stating that shell deposits were found in the substrate. On the distribution of L. bulimoides, the author stated that the living form of the species is unknown in the Mediterranean Sea and the North Atlantic (396N) ; however, deposits of shells were found in deep areas of these seas. Regarding the vertical distribution, Pelseneer (1888) theorized that the deposits of shells on the substrate correspond to the real distribution of live specimens on the surface of the water column in the same area. Resgalla Jú nior (1993) recorded low densities of L. bulimoides in the waters of the southern region of Brazil, extending into the Subtropical Waters. The species was described as sporadic and rare in the vicinity of the Sã o Pedro and Sã o Paulo Archipelago by Oliveira & Larrazá bal (2002) and not very frequent and not very abundant in the oceanic region of the and REVIZE NE-III in 1998, corresponding to the dry and wet seasons of the EEZ of Northeastern Brazil, respectively. As for the geographical distribution of this species in Northeastern Brazil, the records obtained here are supported by the studies cited above. Regarding the frequency of occurrence, the results of the present study indicate this species as being frequent in the Sã o Pedro and Sã o Paulo Archipelago and in the oceanic region of the Fernando de Noronha Island, in contrast to the data of the authors mentioned above.
Suarez-Morales & Gasca (1998) recorded the occurrence of L. bulimoides in neritic areas of the Caribbean Sea, a result also observed in waters of Northeastern Brazil, with material from REVIZEE NE-IV.
Limacina lesueurii was first recorded in the neritic province in waters of Northeastern Brazil, where it was not very frequent and rare. The high temperatures and salinities of the waters characterize it as a tropical species. Pelseneer (1888) recorded deposits of shells of L. lesueurii in two sampling stations in oceanic waters off the coast between the states of Bahia and Pernambuco. This species was recorded and classified by Barth & Oleiro (1968) as not very abundant in studies on the taxonomy and ecology of planktonic molusks in the region of Cabo Frio-RJ. Resgalla Jú nior (1993) recorded L. lesueurii in waters in Southern Brazil, considering it rare, and the species exhibited a strong preference for surface waters, regardless of the sampling time. The data obtained in this study confirm that this is also a rare species in the waters of Northeastern Brazil. According to Bé & Gilmer (1977) , L. lesueurii is considered subtropical, predominant in oligotrophic environments, and characteristic of central oceanic water masses and is easily displaced in warm waters. In these cases, the species is characterized by low abundance, as indicated by Spoel & Heyman (1983) and Gasca & Suarez-Morales (1992) .
In the present study, Thielea helicoides was the species with the lowest distribution in the waters of Northeastern Brazil, with a low number of specimens, and was classified as rare and sporadic. Unlike this study, T. helicoides was classified as abundant in the oceanic area of Cabo Frio (Rio de Janeiro) in a study conducted by Barth & Oleiro (1968) , who also described the shell morphology, ecology, and distribution of T. helicoides in Brazilian waters. Spoel & Boltovskoy (1981) diagnosed ontogenetic vertical migrations for this species, where juveniles are found in the more superficial layers, whereas adults are observed in deeper areas. This fact explains why only juveniles were found in the present study, given that the methodology used in the project REVIZEE included planktonic sampling in the stratum from 0 to 200 m in oceanic areas with depths ranging from 4394 to 4951 m.
Studies of the abiotic data were suitable for the oceanographic features of the area. Most species that comprise the family Limacinidae prevailed in an extensive ocean area off the coast of Northeastern Brazil and were found in broad or narrow temperature ranges, characterizing the species as tropical and euhaline species.
The Spearman correlation analysis demonstrated a positive correlation between the species and the abiotic parameters, and our analysis results indicate a low correlation coefficient. The correlation among the species Limacina bulimoides, Heliconoides inflatus, and Limacina lesueurii exhibited a positive correlation in the waters of Northeastern Brazil. The association among Limacina bulimoides, Heliconoides inflatus, and L. lesueurii can be explained because the species were observed in areas with oceanic salinity values between 35.81 and 37.12 and temperatures between 26 and 276C, where the species coexist in the same layer of the water mass, characterized as epipelagic (Boltovskoy 1971 , Spoel & Dadon 1999 . Tesch (1946) recorded L. bulimoides in the Sargasso Sea and considered it to be a common species, paying attention to its association with the species H. inflatus and Limacina lesueurii. Although it was not the study objective, Boltovskoy (1971) associated the presence of L. bulimoides with H. inflatus in Mar Del Plata by simple observation, and this corroborates the results of the present study. Thielea helicoides correlated positively with H. inflatus, a fact that can be explained by the migration of juvenile fish to the surface layers of the water column for food, sharing space with H. inflatus (Spoel & Boltovskoy 1981) .
Heliconoides inflatus exhibited a positive correlation between L. lesueurii and surface salinity. These species were observed in oceanic areas of very similar salinities and temperature ranges, thus characterizing these species as euhaline and tropical species that coexist in the same layer of water mass. Lalli & Wells-Jr. (1973) recorded H. inflatus as a species that covered a large geographical area in the sea of Barbados, occurring predominantly in tropical and subtropical areas. The authors also reported the coexistence of H. inflatus with other epipelagic species, Limacina bulimoides, L. lesueurii, and L. trochiformis, in the same niche, a fact that resembles the results obtained in this study. The epithet inflatus was first acknowledged by Dall (1908) , being used for the species Embolus inflatus d'Orbigny (1834). However, it must also be considered as valid name for Heliconoides inflatus, wich according to the new combinations made for the species, the epithet must agree with the genus variation, Article 31 the ICZN (International Commission on Zoological Nomenclature 1999).
Limacina trochiformis exhibited a positive correlation with very low salinity. The species was observed at a range of salinity equal to or higher than 35 in the waters of Northeastern Brazil, characterizing it as a euhaline species. Historically, L. trochiformis has been observed at temperature ranges from 14.4 to 27.76C and salinities from 35.5 to 36.7 in the North Atlantic (Chen & Bé 1964) . For L. trochiformis, Spoel (1967) generalized the optimal conditions to be a temperature range from 13.8 to 276C and a salinity from 33.5 to 36.8. For the Caribbean Sea, adult individuals of L. trochiformis were observed in the temperature range between 26.5 and 286C and salinity between 34.25 and 36 at night, and juveniles were observed in the temperature range from 25.5 to 286C and salinity from 35.75 to 36.3 (Haagensen 1976 ). This author described L. trochiformis in Tropical Surface Waters in the Caribbean Sea; the result is explained by the limits of the temperature and salinity ranges at which the species were found. Resgalla Jú nior (1993) obtained a similar result on the southern shelf of Brazil, with L. trochiformis exhibiting a preference for Tropical Waters, where its detection was concentrated between 19.3 and 23.76C in salinities from 35.7 to 36.4. The obtained results of the various cited authors with respect to the observation of L. trochiformis under specific conditions of temperature and salinity are corroborated by the data obtained in this study. The observation of L. trochiformis correlated significantly with L. lesueurii, which may point to a similarity between the abiotic parameter salinity in both species in the waters of Northeastern Brazil.
Final Considerations
Representatives of the family Limacinidae were observed at high temperatures and salinities and were characterized as tropical and euhaline species. Heliconoides inflatus was the most abundant and frequent species in the region of the Tropical Atlantic, exhibiting tolerance to variations in temperature and salinity.
Limacina bulimoides and L. lesueurii, despite the low values of abundance and frequency, stood out in this study because it is the first time that the species have been recorded in neritic waters. Limacina bulimoides exhibited a positive association with Heliconoides inflatus, Thielea helicoides and L. lesueurii. Limacina lesueurii exhibited a positive association with L. trochiformis. The first record of Limacina lesueurii, collected alive, was obtained in the waters of Northeastern Brazil.
Limacina trochiformis was positively correlated with surface salinity and Limacina lesueurii.
The distribution of Thielea helicoides was restricted to oceanic areas, where the species was characterized as rare and sporadic in the waters of Northeastern Brazil, correlating positively with Heliconoides inflatus.
The variation of the surface temperature of the water in the Southwest Atlantic was not indicated as a limiting environmental factor in the geographical distribution of species of Limacinidae.
